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Summary

The Rhadinovirus ovine herpesvirus-2 (OvHV-2) is the most common causative agent of
malignant catarrhal fever (MCF) in clinically susceptible ruminants including cattle and
bison. American bison (Bison bison) are highly susceptible to clinical MCF. Nevertheless,
approximately 20% of bison on ranches or in feedlots become infected with the virus
without developing clinical disease. Defining the genetic basis for differences in susceptibility
between bison could facilitate development of improved control strategies for MCF. One
genetic region that influences susceptibility to infectious diseases is the major histocom-
patibility complex (MHC). In this study, a Bison bison (Bibi) DRB3 oligonucleotide micro-
array was used to type 189 bison from 10 herds where MCF outbreaks had occurred. Binary
logistic regression was used to classify DRB3 alleles as resistant (R), susceptible (S) or
neutral (N). Animals were reclassified using six DRB3 genotype categories: N/N, N/R, N/S,
R/S, R/R and S/S. Analysis of homogeneity across herds showed that there was a herd
effect. Consequently, a penalized logistic regression model was run with herd and genotype
categories as the explanatory variables. The R/R genotype was associated with resistance to
MCF (P = 0.0327), while the S/S genotype was associated with clinical MCF (P = 0.0069).
This is the first evidence that MHC class ITa polymorphism is associated with resistance or

susceptibility to OvHV-2-induced MCF.

Keywords Bison bison, disease association, major histocompatibility complex,

major histocompatibility complex class II, malignant catarrhal fever.

Introduction

Malignant catarrhal fever (MCF) is an important disease for
the commercial American bison (Bison bison) industry and is
associated with significant economic losses (O'Toole et al.
2002; Li et al. 2006). Clinically affected bison generally
develop vasculitis, and necrotizing lesions of mucosal sur-
faces including the oral cavity, trachea, esophagus, rumen,
omasum, abomasum, jejunum and urinary bladder
(Schultheiss et al. 1998; O'Toole et al. 2002). The lesions
are characterized by lymphoid cell proliferation and infil-
tration (Schultheiss et al. 1998; O'Toole et al. 2002). Signs
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of clinical MCF in bison include lethargy, depression,
wasting, nasal and ocular discharge and corneal opacity
(O'Toole et al. 2002). All outbreaks in the United States
have been associated with ovine herpesvirus-2 (OvHV-2), a
Rhadinovirus from the gammaherpesvirus subfamily (O'To-
ole et al. 2002; Berezowski et al. 2005; Li et al. 2006).
Sheep are the natural carriers of OvHV-2 and, therefore,
serve as the reservoir for transmission to uninfected animals
predominantly via aerosol transmission (Li et al. 2001a;
2004). There is currently no vaccine for OvHV-2. Separ-
ation of susceptible species from carrier hosts is the only
way to prevent transmission.

While virtually all bison with clinical signs succumb to
MCF, it is interesting that in wild and domesticated bison
herds approximately 20% of animals seroconvert without
progressing to clinical disease (Li et al. 1996; O'Toole et al.
2002; Zarnke et al. 2002; Berezowski et al. 2005). Genetic
variation could influence either the host’s ability to mount
an effective immune response to the virus or alter the
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susceptibility of host cell populations to infection with
OvHV-2 (Xu et al. 1993; Zanotti et al. 1996; Li et al. 1997;
Lewin et al. 1999; Haan & Longnecker 2000; Schat &
Davies 2000; Spear & Longnecker 2003). Because variation
in the major histocompatibility complex (MHC) could affect
either the immune response to OvHV-2 or viral attachment
and entry, bison MHC class I and II genes are excellent
candidate genes for MCF resistance.

Prior to this study, we characterized bison MHC class Ila
haplotypes by DNA sequence analysis (Traul et al. 2005).
Sequence analysis identified both previously described Bison
bison (Bibi) DRB3 alleles (Mikko et al. 1997), as well as new
Bibi-DRB3, Bibi-DQA and Bibi-DQB alleles. The Bibi-DRB3
sequences allowed us to reconfigure our existing BoLA-DRB3
typing array for bison MHC typing by addition of bison specific
probes (Park et al. 2004). To test the hypothesis that the bison
MHC class ITa haplotypes affect susceptibility to MCF, this
BoLA/Bibi-DRB3 microarray was used to type bison with
clinical MCF and antibody-positive bison without clinical
MCF from herds with recent MCF outbreaks.

Materials and methods

Animals and samples

A total of 189 bison were included in this study. Seventy-
seven of these bison had clinical MCF, and 112 were
infected without clinical disease. Samples were obtained
from several herds (Table 1), but were mainly from two
feedlots in Kansas and Idaho, where there had been recent
MCF outbreaks. All diagnoses of clinical MCF were con-
firmed by histopathology and nested or real-time PCR as-

Table 1 Sources of bison samples.

Location Animals MCF+' MCF-2
Scott City, KS, USA 98 16 82
Twin Falls, ID, USA 43 25 18
Laramie, WY, USA 13 1 12
Akron, CO, USA 16 16 0
Fort Collins, CO, USA 10 10 0
Chippewa Falls, WI, USA 2 2 0
San Bernadino, CA, USA 3 3 0
Sulfer, OK, USA 1 1 0
Ames, 1A, USA 1 1 0
Westaskwin, AB, Canada 2 2 0
Total 189 77 112

MCF, malignant catarrhal fever.

"Bison classified as infected with disease (MCF+) had clinical signs of
MCF, tested positive for ovine herpesvirus-2 DNA by either nested or
real-time PCR, and the diagnosis was confirmed by histopathology.
2Bison classified as infected without disease (MCF-) were seropositive
for MCF viral antibody by competitive inhibition enzyme-linked
immunosorbent assay and survived for 5 months or more without
developing clinical disease.

says with OvHV-2 specific primers. The infected bison
without clinical MCF were confirmed as antibody-positive
via a competitive inhibition enzyme-linked immunosorbent
assay (Li et al. 1994; 1995; 2001b). Some of these bison (=
10%) were also positive by OvHV-2-specific nested PCR.
These animals survived in the feedlot for at least 5 months
before being slaughtered. EDTA-blood and/or tissue samples
were collected and used for the isolation of DNA for MHC
typing. DNA was extracted from buffy coats or tissues by
phenol-chloroform extraction, ethanol precipitated, quanti-
fied by spectroscopy and stored at —20 °C (Maniatis et al.
1982). All experiments complied with US laws pertaining to
animal welfare and safe laboratory practices.

Microarray-based DRB3 typing

The DRB3 typing array was based on 66 BoLA-DRB3 and 15
Bibi-DRB3 exon 2 sequences (Mikko et al. 1997; Traul et al.
2005). The array comprised five series of exon 2 probes (15
for codons 8—15, 24 for codons 27-33, 18 for codons 54-61,
28 for codons 66—72 and 12 for codons 73-79), and included
10 bison specific probes. Major histocompatibility complex
typing was performed as previously described (Park et al.
2004). Briefly, arrays comprised 15-22 base oligonucleotide
probes (Invitrogen) spotted on epoxy-silane coated, 12-well,
Teflon-masked glass slides (Tekdon, Inc.) using a Microgrid IT
BioRobotics arrayer (Genomic Solutions; Call et al. 2001).
Genomic Bibi-DRB3 exon 2 targets for hybridization to arrays
were generated by PCR with biotinylated primers (BoD-
RB3FP-HLO30 and BoDRB3RP-HLO32; van Eijk et al. 1992).
Following PCR amplification, 12 pl of reaction mix was
diluted to 79 pl in hybridization buffer and hybridized to
the array overnight at 50 °C. Slides were scanned with
an ArrayWoRx scanner (Applied Precision). Microarray
hybridization spots were subjectively scored on a 5-point scale
from negative to strongly positive. Proprietary cyToriLE gen-
otyping software (available for C. J. Davies) was used to sort
the data matrix with a pre-defined allele definition index
(Davies 1988; Davies et al. 1994).

MHC class Il sequencing

Sequencing was used to identify the class II alleles carried by
bison with equivocal DRB3 typing results (n = 6).
Sequencing of bison DRB3, DQA and DQB alleles was per-
formed as previously described (Traul et al. 2005) with a
minor modification of using two new multiplexed DOB
reverse primers (BoDQB-RP-E2H, 5’-GCACTCACCTAGC-
CGCTGCCA-3" and BoDQB-RP-E2I, 5’-GCACTCACCTAGC-
CGCTGCAA-3).

Statistical analysis

Phenotypic frequencies (f) were calculated using the
formula f = (number of bison with allele/total number of
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bison) x 100. Allele frequencies (g) were calculated using
the formula

(number of bison with allele
+number of homozygotes)
/total number of bison

= 100
9 P x

Data analysis was performed in four stages. First, binary
logistic regression models were run for each of the 18 alleles
with clinical disease as the response variable: no clinical dis-
ease (y = 0) or clinical MCF (y = 1). DRB3 alleles were
classified as neutral (N), susceptible (S) or resistant (R) based
on their P-value and Z-statistic; alleles with P-values < 0.30
were classified as either resistant or susceptible based on
the sign of the Z-statistic (Hosmer & Lemeshow 2000), the
remaining alleles were classified as neutral. Animals were
assigned to six genotype classes based on the classification
of their two alleles: neutral/neutral (N/N), neutral/resistant
(N/R), neutral/susceptible (N/S), resistant/susceptible (R/S),
resistant/resistant (R/R) and susceptible/susceptible (S/S). This
was followed with a Chi-squared test of homogeneity to see if
there was a difference in genotype frequencies across herds.
Finally, a penalized logistic regression model (Firth 1993) was
run with herd and genotype categories as the explanatory
variables and presence or absence of clinical disease as
the response variable. Our initial model included a
herd x genotype class interaction term. However, this term
had a P-value of 0.92 and, therefore, was removed from the
final overall model. All analyses were performed using sas®/
star software (SAS® Institute). Results with P-values < 0.05
were considered statistically significant.

Results

Microarray-based Bibi-DRB3 typing

The DRB3 typing array included probes defining 15 Bibi-
DRB3 alleles. The array was validated using 14 bison from
our previous sequencing study (Figure S1; Traul et al. 2005).
In the current study, 17 Bibi-DRB3 alleles and one BoLA-
DRB3 allele were found in the 189 bison. This included 12
Bibi-DRB3 alleles identified in our previous study (Traul et al.
2005), as well as two Bibi-DRB3 alleles (DRB3*0102 and
DRB3*0601; GenBank accession nos. DQ353803 and
DQ353804 respectively) previously described by Mikko et al.
(1997). Class II alleles of six animals that could not be
definitively typed with the microarray were sequenced. These
animals contained three new Bibi-DRB3 alleles (DRB3*0702,
DRB3*1101 and DRB3*1201; GenBank accession nos.
DQ353805-DQ353807 respectively) and one cattle allele
(BoLA-DRB3*1101; Table 2). The DRB3*0501 allele des-
cribed by Mikko et al. (1997) was not carried by any of the
bison in this study. Phenotypic frequencies of Bibi-DRB3
alleles ranged from 0.5% to 33.3% in these 189 bison.

Resistance to malignant catarrhal fever

Analysis of associations between Bibi-DRB3 alleles and
MCEF disease status

To study the association between MCF status and DRB3
alleles, we ran one-at-a-time binary logistic regression using
the number of copies for a specific allele as a predictor
and the absence (MCF-) or presence (MCF+) of disease as
the response variable. Eighteen models were run (Table 2).
One allele, DRB3*0801, was significantly associated
with resistance to MCF (P = 0.005). Notably, all five
DRB3*0801 homozygotes were in the MCF- group
(Table 2; Fisher’s P = 0.02). Another allele,
DRB3*0602, was significantly associated with clinical dis-
ease (P = 0.048). Furthermore, there were six DRB3*0602
homozygotes in the MCF+ group vs. only one homozygote
in the MCF— group (Table 2; Fisher’s exact P = 0.03).
The DRB3 alleles were ranked from most significant
(smallest P-value) to least significant (largest P-value) and,
based on the sign of the Z-statistic, assigned to three categ-

exact

ories: susceptible (S; positive slope, P < 0.30), resistant (R;
negative slope, P < 0.30) and neutral (N; P > 0.30 irres-
pective of sign). The P < 0.30 significance level followed the
P < 0.25 significance level used by Hosmer & Lemeshow
(2000) for wunivariable models. Because DRB3*1101,
DRB3*1201 and BoLA-DRB3*1101 were carried by only 3, 1
and 2 bison respectively, they were assigned to the neutral
category. Based on their DRB3 genotype, bison were classified
as N/N, N/R, N/S, R/S, R/R or S/8S. To assess if animals in the
six genotype categories were distributed homogenously
across herds, we conducted a Chi-squared test for homo-
geneity across three groups: the Scott City herd with 98 bison,
the Twin Falls herd with 43 bison and the remaining 48 bison
(Table 3). Genotype frequencies were not homogenously
distributed across herds (P = 0.008), which was expected
because numbers of diseased and clinically normal bison were
not evenly distributed across herds (Table 1). Therefore, herd
effect was included in the final model.

Because all 14 of the bison in the R/R category were in
the clinically normal (MCF-) group, a maximum likelihood
could not be estimated. Therefore, a penalized logistic
regression model (Firth 1993) was used (Table 4). The
logistic regression model had a per cent concordance
of 76.9% and the Hosmer and Lemeshow goodness-of-fit
statistics indicated that the data fit the model well. Animals
in the R/R category, having allele DRB3*0801 with
DRB3*0801 or DRB3*0501, were resistant to MCF (P =
0.0327). The P-value for the R/R genotype was relatively
high compared with the univariate P-value for DRB3*0801
from Table 2 of 0.005 because of the penalties associated
with complete separation of data. Complete separation
makes SE very large so the SE for the R/R genotype was
1.24, which was substantially more than the next largest
standard error of 0.57 (Table 4). Bison in the S/S category,
having alleles DRB3*0602, DRB3*0102 and DRB3*0101,
were associated with clinical MCF (P = 0.0069). As
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Table 2 Comparison of DRB3 allele frequencies in bison exposed to OvHV-2.

Number of
Number of bison homozygotes Allele frequency’

DRB3 allele MCF+ MCF- MCF+ MCF- All MCF+ MCF- Z-statistic? P-value Allele class®
*0101 9 9 1 0 0.050 0.065 0.040 1.04 0.298 S
*0102 9 7 2 1 0.050 0.071 0.036 1.34 0.179 S
*0103 6 9 1 0 0.042 0.045 0.040 0.24 0.810 N
*0201 16 21 2 2 0.108 0.117 0.103 0.42 0.677 N
*03017 10 14 0 2 0.069 0.065 0.071 -0.23 0.815 N
*0401 6 7 0 0 0.034 0.039 0.031 0.41 0.681 N
*0502 14 29 0 0 0.114 0.091 0.129 -1.24 0.216 R
*06017 6 5 0 0 0.029 0.039 0.022 0.95 0.343 N
*0602 30 33 6 1 0.185 0.234 0.152 1.97 0.048 S
*0701 16 22 0 0 0.101 0.104 0.098 0.19 0.848 N
*0702 1 2 0 0 0.008 0.006 0.009 -0.26 0.793 N
*0801 6 27 0 5 0.101 0.039 0.143 -2.82 0.005 R
*0802 3 6 0 0 0.024 0.019 0.027 -0.46 0.644 N
*09017 6 9 0 0 0.040 0.039 0.040 -0.06 0.951 N
*1001 2 7 1 1 0.029 0.019 0.036 -0.78 0.435 N
*1101 0 3 0 0 0.008 0.000 0.013 - - N
*1201 1 0 0 0 0.003 0.006 0.000 - - N
BoLA* 0 2 0 0 0.005 0.000 0.009 - - N
Total 77 112 13 12 1.00 1.00 1.00

MCF, malignant catarrhal fever; OvHV-2, ovine herpesvirus-2.
"Frequencies calculated by allele counting.

2| ogistic regression Z-statistic. A positive number indicates an association with MCF+ and a negative number with MCF—.

3DRB3 alleles were classified as neutral (N), susceptible (S) or resistant (R) based on their Z-statistic and P-value. Alleles with P-values < 0.30 were
classified as either resistant or susceptible and the remaining alleles were classified as neutral.

“Cattle allele BoLA-DRB3*1107 (Davies et al. 1997; Russell et al. 1997). These bison carried the BoLA-DH22F haplotype comprised BoLA-
DRB3*1101, BoLA-DQA1*0702 and BoLA-DQB*0402 (Davies et al. 1994; Park et al. 2004).

expected, the Scott City herd, the only herd with more
MCF- than MCF+ bison, had a different distribution of
DRB3 genotypes from the other groups (P < 0.0001).

Discussion

In this study we defined MCF susceptibility (MCF+) as the
development of clinical disease, which is almost always
fatal. Malignant catarrhal fever resistance (MCF—) was de-
fined as infection (seroconversion to OvHV-2) without the
development of clinical disease. By including only seropos-
itive bison in the disease-resistant group, we were sure that
all of the bison in this group were infected with OvHV-2.
Nevertheless, it is likely that individual bison were exposed
to different amounts of virus. It is well established that
high-dose exposure to a pathogen can overwhelm the im-
mune system even in the most resistant animals. Sheep are
carriers of OvHV-2 and never develop clinical MCF under
natural flock conditions, but it is possible to experimentally
induce clinical disease in sheep by intranasal inoculation
with a very high dose of virus (Li et al. 2005). The Twin
Falls, Idaho bison in our study were exposed to a very high
dose of OvHV-2. In the Twin Falls outbreak a flock of 1375
7-month-old lambs and 375 ewes were grazed within

600 yards of the bison feedlot and 825 out of 1610 bison
died of MCF (51.2% mortality; Li et al. 2006). Only six bison
in the current study with the DRB3*0801 allele, associated
with resistance, had clinical MCF and five of these bison
were from the Twin Falls herd.

We found statistically significant associations between
MCF resistance/susceptibility and Bibi-DRB3 alleles. In a
previous study we found that susceptibility to Staphylococcus
aureus mastitis in cattle was associated with MHC haplo-
types with non-duplicated BoLA-DQ genes (Davies et al.
1994; Park et al. 2004). However, comparison of bison
MHC class IIa haplotypes did not reveal an association
between duplicated DQ genes and MCF resistance or sus-
ceptibility (data not shown). Furthermore, the DRB3*0802
and DRB3*0901 alleles, which were linked to the same
Bibi-DQA and Bibi-DOB alleles as DRB3*0801, were not
associated with MCF resistance (Table 2; Traul et al. 2005).

Several studies have shown that MHC class I-restricted
CD8+ cytotoxic T lymphocytes are required to control acute
gammaherpesvirus diseases, including the initial lytic phase of
infection with either EBV or MHV68 (Callan 2004; Stevenson
& Efstathiou 2005). Major histocompatibility complex class I
molecules may play a similar critical role in control of OvHV-2
infection in bison during the initial infection. Consequently,
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Table 3 Number of bison classified by DRB3 genotype and disease status’.

Disease status Herd N/N bison N/R bison N/S bison R/S bison R/R bison S/S bison All bison
MCF-2 Scott City 27 (24) 12 (13) 21 (21) 9 (11) 11 (10) 2(3) 82
Twin Falls 4 (5) 5(3) 3 (5) 4(2) 1) 1(1) 18
Other 2(2) 1) 4 (3) 2(2) 2 (2) 1(0) 12
All herds® 33 32) 18 (18) 28 (30) 15 (13) 14 (8) 4(11) 112
MCF+3 Scott City 5 (4) 13) 7 (5) 1) 0 (0) 2(3) 16
Twin Falls 4 (7) 7 (4) 4 (7) 5(2) 0 (0) 5 (5) 25
Other 12 (10) 5 (6) 11 (10) 13) 0 (0) 7 (7) 36
All herds® 21 (22) 13 (13) 22 (20) 7 (9) 0 (6) 14 (7) 77
All bison* Scott City 32 (28) 13 (16) 28 (26) 10 (11) 11 (7) 4 (9) 98
Twin Falls 8 (12) 12 (7) 7 (1) 9 (5) 13) 6 (4) 43
Other 14 (14) 6 (8) 15 (13) 3 (6) 2(4) 8 (5) 48
All herds 54 31 50 22 14 18 189

MCF, malignant catarrhal fever.

"Actual and (expected) number of bison in each class, with expected number of bison estimated by the chi-squared test for homogeneity. Genotype
classes were neutral/neutral (N/N), neutral/resistant (N/R), neutral/susceptible (N/S), resistant/susceptible (R/S), resistant/resistant (R/R) and
susceptible/susceptible (S/S). Disease groups: clinical MCF (MCF+), infected without clinical disease (MCF-) and all bison regardless of disease
status.

2Chi-squared test for homogeneity across herds indicated that DRB3 genotypes of MCF— bison were evenly distributed (P = 0.64).

3Chi-squared test for homogeneity across herds without the R/R category, which did not include any bison, indicated that DRB3 genotypes of MCF+
bison were evenly distributed (P = 0.11).

4Chi-squared test for homogeneity across herd indicated that DRB3 genotypes of all bison were not evenly distributed (P = 0.008). Because the
numbers of diseased and clinically normal bison were not evenly distributed across herds, this was the expected result.

5Chi-squared test for homogeneity across disease groups indicated that DRB3 genotypes were not evenly distributed (P = 0.0008).

sequence-based characterization of bison MHC class I haplo-
types and evaluation of associations between class I haplo-
types and resistance to OvHV-2 are high priorities. We thank Janice Keller, Lori Fuller, Shirley Elias and Daniel
Furthermore, it is imperative that the associations identified in New for excellent technical assistance. We thank Drs
the present study be confirmed in challenge studies. Douglas Call, Lindsay Oaks, Lynn Herrmann and Stephen

White for suggestions regarding the manuscript. This work

Acknowledgements

was supported by USDA, Agricultural Research Service

:fafl;lcet;l Penalized logistic regression analysis of genotype and herd Grant Number CWU-5348-32000-018-00D.
Parameter Wald Chi-

Effect’ estimate SE squared test P-value References
Intercept ~0.42 099 506 01514 Berezowski J.A., Appleyard G.D., Crawford T.B., Haigh J., Li H.,
N/R genotype 0.5 0.45 0.32 05711 Middleton D.M., O’Connor B.P., West K. & Woodbury M. (2005)
N/S genotype 058 0.40 506 0.1509 An outbreak of sheep-associated malignant catarrhal fever in
R/S genotype ~014 050 0.08 0.7747 bison (Bison bison) after exposure to sheep at a public auction
R/R genotype? 264 124 456 0.0327 sale. Journal of Veterinary Diagnostic Investigation 17, 55-8.

5 Call D.R., Chandler D.P. & Brockman F. (2001) Fabrication of DNA
S/S genotype 1.54 0.57 7.29 0.0069 . K i . . . .
Scott City herd? 147 0.24 36.81 <0.0001 mlcroarrayg using unmodified oligonucleotide probes. Biotechni-
Twin Falls herd 038 027 204 0.1530 ques 30, 368-76. , ,

Callan M.F. (2004) The immune response to Epstein-Barr virus.

"The N/N genotype and the ‘other herd categories were used as ref- Microbes and infection/Institut Pasteur 6, 937-45.
erences. The probability of the null hypothesis for the overall model was Davies C.J. (1988) Immunogenetic Characterization of the Class 11
P < 0.0001. Region of the Bovine Major Histocompatibility Complex. PhD
2The R/R and S/S genotypes had significant effects on disease sus- Thesis. Cornell University, University Microfilms International,
ceptibility. All bison with the R/R genotype were in the MCF— group Ann Arbor, Michigan.
(Table 3). This separation of the data for the R/R genotype resulted in a Davies C.J., Joosten L., Andersson L. et al. (1994) Polymorphism of
large ‘penalty’; therefore, the P-value was relatively high (P = 0.0327). bovine MHC class II genes. Joint report of the Fifth International
3The Scott City herd was significantly associated with disease resist- Bovine Lymphocyte Antigen (BoLA) Workshop, Interlaken,
ance. This was not surprising as the majority (73%) of the clinically Switzerland, 1 August 1992. European Journal of Immunogenetics
normal animals were from this herd. 21, 259-89.

© 2007 International Society for Animal Genetics, No claim to Original US government works, Animal Genetics, 38, 141-146



146

Traul et al.

Davies C.J., Andersson L., Ellis S.A., Hensen E.J., Lewin H.A., Mikko S.,
Muggli-Cockett N.E., van der Poel J.J. & Russell G.C. (1997) No-
menclature for factors of the BoLA system, 1996: report of the ISAG
BoLA Nomenclature Committee. Animal Genetics 28, 159—68.

van Eijk M.]., Stewart-Haynes J.A. & Lewin H.A. (1992) Extensive
polymorphism of the BoLA-DRB3 gene distinguished by PCR-
RFLP. Animal Genetics 23, 483-96.

Firth D. (1993) Bias reduction of maximume-likelihood-estimates.
Biometrika 80, 27-38.

Haan K.M. & Longnecker R. (2000) Coreceptor restriction within
the HLA-DQ locus for Epstein—Barr virus infection. Proceedings of
the National Academy of Sciences of the United States of America 97,
9252-7.

Hosmer D.W. & Lemeshow S. (2000) Applied Logistic Regression, 2nd
edn. Wiley, New York, 95 pp.

Lewin H.A., Russell G.C. & Glass E.J. (1999) Comparative organi-
zation and function of the major histocompatibility complex of
domesticated cattle. Immunological Reviews 167, 145-58.

Li H., Shen D.T., Knowles D.P., Gorham J.R. & Crawford T.B. (1994)
Competitive inhibition enzyme-linked immunosorbent assay for
antibody in sheep and other ruminants to a conserved epitope of
malignant catarrhal fever virus. Journal of Clinical Microbiology
32, 1674-9.

Li H., Shen D.T., O’'Toole D., Knowles D.P., Gorham J.R. & Crawford
T.B. (1995) Investigation of sheep-associated malignant catar-
rhal fever virus infection in ruminants by PCR and competitive
inhibition enzyme-linked immunosorbent assay. Journal of Clinical
Microbiology 33, 2048-53.

Li H., Shen D.T., Jessup D.A., Knowles D.P., Gorham J.R., Thorne T.,
O'Toole D. & Crawford T.B. (1996) Prevalence of antibody to
malignant catarrhal fever virus in wild and domestic ruminants
by competitive-inhibition ELISA. Journal of Wildlife Diseases 32,
437-43.

Li Q., Spriggs M.K., Kovats S., Turk S.M., Comeau M.R., Nepom B. &
Hutt-Fletcher L.M. (1997) Epstein—Barr virus uses HLA class II as
a cofactor for infection of B lymphocytes. Journal of Virology 71,
4657-62.

Li H., Hua Y., Snowder G. & Crawford T.B. (2001a) Levels of
ovine herpesvirus 2 DNA in nasal secretions and blood of
sheep: implications for transmission. Veterinary Microbiology 79,
301-10.

Li H., McGuire T.C., Muller-Doblies U.U. & Crawford T.B. (2001b) A
simpler, more sensitive competitive inhibition enzyme-linked
immunosorbent assay for detection of antibody to malignant
catarrhal fever viruses. Journal of Veterinary Diagnostic Investiga-
tion 13, 361-4.

Li H., Taus N.S., Lewis G.S., Kim O., Traul D.L. & Crawford T.B.
(2004 ) Shedding of ovine herpesvirus 2 in sheep nasal secretions:
the predominant mode for transmission. Journal of Clinical Mi-
crobiology 42, 5558-64.

Li H., O'Toole D., Kim 0., Oaks J.L. & Crawford T.B. (2005) Ma-
lignant catarrhal fever-like disease in sheep after intranasal in-
oculation with ovine herpesvirus-2. Journal of Veterinary
Diagnostic Investigation 17, 171-5.

Li H., Taus N.S., Jones C., Murphy B., Evermann ].F. & Crawford
T.B. (2006) A devastating outbreak of malignant catarrhal fever
in a bison feedlot. Journal of Veterinary Diagnostic Investigation 18,
119-23.

Maniatis T., Fritsch E.F. & Sambrook J. (1982) Molecular Cloning: a
Laboratory Manual. Cold Spring Harbor Laboratory, Cold Spring
Harbor, New York.

Mikko S., Spencer M., Morris B., Stabile S., Basu T., Stormont C. &
Andersson L. (1997) A comparative analysis of Mhc DRB3
polymorphism in the American bison (Bison bison). Journal of
Heredity 88, 499-503.

O'Toole D., Li H., Sourk C., Montgomery D.L. & Crawford T.B. (2002)
Malignant catarrhal fever in a bison (Bison bison) feedlot, 1993—
2000. Journal of Veterinary Diagnostic Investigation 14, 183-93.

Park Y.H., Joo Y.S., Park ]J.Y., Moon J.S., Kim S.H., Kwon N.H., Ahn
J.S., Davis W.C. & Davies C.J. (2004) Characterization of lym-
phocyte subpopulations and major histocompatibility complex
haplotypes of mastitis-resistant and susceptible cows. Journal of
Veterinary Science 5, 29-39.

Russell G.C., Davies C.]., Andersson L., Ellis S.A., Hensen E.J., Lewin
H.A., Mikko S., Muggli-Cockett N.E. & der Poel J.J. (1997) BoLA
class II nucleotide sequences, 1996: report of the ISAG BoLA
Nomenclature Committee. Animal Genetics 28, 169-80.

Schat K.A. & Davies C.J. (2000) Viral diseases. In: Breeding for
Disease Resistance in Farm Animals, 2nd edn (Ed. by R.F.E. Axford,
S.C. Bishop, F.W. Nicholas & J.B. Owen), pp. 271-300. CAB
International, Wallingford, UK.

Schultheiss P.C., Collins J.K., Austgen L.E. & DeMartini J.C. (1998)
Malignant catarrhal fever in bison, acute and chronic cases.
Journal of Veterinary Diagnostic Investigation 10, 255-62.

Spear P.G. & Longnecker R. (2003) Herpesvirus entry: an update.
Journal of Virology 77, 10179-85.

Stevenson P.G. & Efstathiou S. (2005) Immune mechanisms in
murine gammaherpesvirus-68 infection. Viral Immunology 18,
445-56.

Traul D.L., Bhushan B., Eldridge J.A., Crawford T.B., Li H. & Davies
C.J. (2005) Characterization of Bison bison major histocompat-
ibility complex class Ila haplotypes. Immunogenetics 57, 845-54.

Xu A., van Eijk M.]., Park C. & Lewin H.A. (1993) Polymorphism in
BoLA-DRB3 exon 2 correlates with resistance to persistent
lymphocytosis caused by bovine leukemia virus. Journal of
Immunology 151, 6977-85.

Zanotti M., Poli G., Ponti W., Polli M., Rocchi M., Bolzani E., Longeri
M., Russo S., Lewin H.A. & van Eijk M.]. (1996) Association of
BoLA class II haplotypes with subclinical progression of bovine
leukaemia virus infection in Holstein—Friesian cattle. Animal
Genetics 27, 337-41.

Zarnke R.L., Li H. & Crawford T.B. (2002) Serum antibody pre-
valence of malignant catarrhal fever viruses in seven wildlife
species from Alaska. Journal of Wildlife Diseases 38, 500—4.

Supplementary Material

The following supplementary material is available for this
article online from http://www.blackwell-synergy.com/doi/
full/10.1111/j.1365-2052.2007.01575.x
Figure S1 Example of microarray typing data.

Please note: Blackwell Publishing is not responsible for
the content or functionality of any supplementary materials
supplied by the authors.

© 2007 International Society for Animal Genetics, No claim to Original US government works, Animal Genetics, 38, 141-146



